Background: Arthroscopic rotator cuff repair has traditionally been performed in the subacromial space from the bursal side of the tendon. The undersurface rotator cuff repair technique involves the arthroscope remaining in the glenohumeral joint, thus viewing the tendon from its undersurface during repair without a bursectomy or acromioplasty.
The undersurface arthroscopic rotator cuff repair technique involves keeping the arthroscope in the glenohumeral joint, allowing the supraspinatus tendon to be viewed from its undersurface while being repaired. 24, 29 A feature of this technique is that a subacromial bursectomy and acromioplasty are not performed. 24, 29 Several studies have shown that there is no benefit to performing an acromioplasty concurrently while performing a rotator cuff repair. 6, 13, 21 Preliminary results suggest that this technique can be performed significantly more quickly than a bursal-side arthroscopic repair and has a retear rate of 20% at 6 months postoperatively. 23, 29 The primary aim of this study, therefore, was to determine whether the arthroscopic undersurface rotator cuff repair technique influenced patient-ranked pain and difficulty with overhead activities at 2 years postoperatively compared with a standard bursal-side repair technique. Secondary aims were to determine whether the surgical technique utilized influenced the frequency and severity of patient-ranked pain scores, patient functional outcomes, and postoperative rates of tendon retear and revision surgery.
METHODS
Ethical approval was granted by our local ethics committee (HREC 06/53). This was a retrospective case-control cohort study of data gathered prospectively. Patients were included in the study if (1) they had an arthroscopic rotator cuff repair performed by a single surgeon (G.A.C.M.), with a minimum 2-year follow-up, and with a repair technique that utilized either a bursal-side or undersurface repair with knotless suture anchors (Opus Magnum; ArthroCare Corp) in a tension band configuration; (2) it was a primary surgery; and (3) the patient had a fullthickness or partial-thickness tear converted to a fullthickness tear prior to repair. Patients were excluded from the study if they had ipsilateral severe arthritis, humeral head fracture, an irreparable tear, a partial repair with a defect, a polytetrafluorethylene (PTFE) patch used during surgery, previous shoulder surgery, a combination of both bursal-side and undersurface repair techniques performed, if the operative report was not indicative of which technique had been used, or if 2-year postoperative followup could not be conducted.
Surgical Technique
Rotator cuff repairs utilizing both the bursal-side and undersurface repair techniques were performed with the patient positioned in the beach-chair position and under interscalene block. 11, 23, 24, 29 If there was a partialthickness supraspinatus tear greater than 50% of the thickness of the supraspinatus, a scalpel was used to convert this tear into a full-thickness tear. 24 In both types of repair, the torn tendon edge and landing site were prepared with a 4.0-or 5.5-mm shaver (Stryker Endoscopy) introduced through a lateral portal. 23, 24, 29 Grasping of and passing sutures through the torn tendon edge was accomplished using an Opus Smart Stitch Suture Device (ArthroCare Corp), and anchor holes at the landing site were created using a T-handled punch. 11, 12, 23, 24, 29 The specific surgical techniques required to perform both the bursal-side and undersurface repairs have been outlined elsewhere and are here described in brief. 11, 12, 23, 24, 29 Bursal-Side Repair Technique. The bursal-side repair was traditionally performed using a 3-portal technique. 11, 12, 23 However, the senior author (G.A.C.M.) adapted this technique to utilize 2 portals: located posteriorly for viewing the glenohumeral joint and subacromial space and laterally for both subacromial decompression and rotator cuff repair. 11, 12, 23 After inspecting the glenohumeral joint, the arthroscope was placed in the subacromial bursa, and a bursectomy and an acromioplasty were performed. 11, 12, 23 The edge of the torn rotator cuff tendon and footprint on the greater tuberosity were then debrided using an arthroscopic shaver. 11, 12, 23 The torn tendon was grasped utilizing the Opus SmartStitch Suture Device. 23 Polyester sutures were delivered using an inverted mattress configuration. 23 A single-row configuration was used for the repair, with anchor holes being made at the landing site through the lateral portal. 23 Once the anchor hole was prepared, the limbs of the suture were passed through the Opus Magnum Knotless Implant, which was then inserted and deployed into the bone. 23 Prior to locking, the suture was wound through the anchor to facilitate reduction of the torn tendon. 23 Undersurface Repair Technique. The undersurface technique involved the arthroscope being inserted into the glenohumeral joint through the posterior portal, which allowed undersurface visualization of the torn tendon ( Figure 1) . 24, 29 The arthroscope then remained in the glenohumeral joint throughout the repair of the tendon. 24, 29 The position of the lateral portal was determined using a spinal needle, with primary considerations being that the sutures should be able to be passed easily through the tendon edge and that the anchors were able to be placed at right angles to the tendon footprint on the greater tuberosity ( Figure 1) . 24, 29 Preparation of the tendon edge and landing site was as outlined above. 23 The sutures were passed through the tendon, then through the anchor (Opus Magnum anchor). 23 The anchor was inserted into the hole, wound in, and then deployed into the bone, reducing the torn tendon ( Figure 1 23 The surgeon then changed to arthroscopic rotator cuff repair, utilizing a knotted fixation technique performed on the bursal side of the tendon. 23 From March 2005, a knotless suture anchor (Opus Magnum) utilizing a tension band suture configuration was used for tendon fixation, with repairs also occurring on the tendon's bursal side. 23 From December 2006, the surgeon devised and then began to use the undersurface repair technique utilizing a knotless anchor (Opus Magnum) with a tension band suture configuration. During this time, larger tears that required an extra suture to adequately repair were often performed with a combination of both techniques. The bursal-side repair cohort had repairs performed temporally earlier than the undersurface repair cohort, with a period of overlap when both bursal-side and undersurface repairs were performed.
Postoperative Rehabilitation Protocol
Patients from both cohorts underwent a previously outlined recovery protocol that involved 3 phases. 24 Phase 1 consisted of immobilization of the operated shoulder in a sling with a small abduction pillow (UltraSling; DJO Australia). From day 1 postoperatively, mobilization exercises were commenced, which aimed to improve elbow range of motion (ROM), grip, periscapular strength, and internal and external rotation. 24 From week 2 postoperatively, shoulder flexion and extension exercises were begun. 24 Phase 2 exercises involved isometric strengthening and occurred from 6 weeks to 3 months postoperatively. Phase 3 exercise began at 3 months postsurgery and finished at 6 months postsurgery. Phase 3 exercises, performed twice a day, utilized a yellow Thera-Band (The Hygenic Corp) for strengthening exercises and allowed overhead lifting of up to 5 kg. 24 Cold therapy (Durasoft; DJO Australia) commenced and continued every 2 hours for 20 minutes regularly for the first 48 hours after surgery, and then as needed. 24 
Outcome Measures
Patients completed the Shoulder Service Questionnaire at each visit to the clinic both pre-and postoperatively. This questionnaire was based on the L'Insalata questionnaire and utilized a Likert-type scale to rank frequency and severity of shoulder pain, level of shoulder stiffness, and the patient's overall rating of their shoulder condition. 17, 26 Examiner-determined data regarding shoulder function was gathered through clinical testing performed by trained observers. Passive ROM and strength were assessed preoperatively and at 6 and 12 weeks, 6 months, and 2 years postoperatively. Passive ROM was assessed by visual estimation for forward flexion, external rotation, internal rotation, and abduction as previously outlined. 26 Strength was measured using an HFG-45 Hand-Held Force Gauge (Transducer Techniques) in the planes of internal and external rotation at 0 of shoulder abduction, elevation in the scapular plane, adduction of the arm, and when performing the lift-off test.
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Ultrasound Examination
At 6 months and 2 years postoperatively, the integrity of the repair was assessed via ultrasound. Ultrasound was performed by 2 experienced ultrasonographers who used a GE Logiq E9 machine with a linear ML 6-to 15-MHz transducer using a previously outlined standard protocol.
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Statistical Analysis
Parametric data (shoulder strength and ROM) were compared using unpaired Student t tests. Nonparametric data (pain scores, internal rotation vertebral levels) were assessed using Mann-Whitney rank-sum tests. The chisquare test was utilized to assess dichotomous data. Correlations and regression (multiple linear and logistic) analyses were also performed. Where there were significant differences in patient-ranked pain scores or functional outcomes at 2 years, a 2-way analysis of variance (ANOVA) was carried out. For each set of tests, the significance level was set at 0.05, and Bonferroni corrections were used to correct for conducting multiple tests. Statistical analysis was carried out utilizing SigmaPlot v11 (Systat Software Inc), GraphPad Prism v6 (GraphPad Software Inc), and SPSS (IBM Corp). The torn tendon is inspected from its undersurface and the torn tendon edge is located using a spinal needle. (B) The landing site on the greater tuberosity of the humerus is prepared using a shaver. (C) While visualizing the torn tendon from its undersurface, the tendon is grasped and sutures are passed through the tendon using the Opus SmartStitch Suture Device. (D) The landing sites for the anchors are created on the greater tuberosity using a T-handle punch. (E) Both limbs of the suture are passed through the anchor, which together are inserted into the prepared holes and the anchor is deployed and secured into the bone. (F) The TensionLock winding mechanism reduces the tendon to bone, thereby completing the repair. Adapted and reproduced with permission from Wu et al. 29 
RESULTS
Patient Inclusion and Exclusion Criteria
Between March 2005 and September 2010, the senior author (G.A.C.M.) carried out 1418 arthroscopic rotator cuff repairs. Of these, 243 repairs were excluded due to either having a combination of bursal-side and undersurface repair techniques or not having the technique specified on the operative report. Of the remaining repairs, 56 were excluded due to prior ipsilateral shoulder surgery, 49 for an irreparable tear or a partial repair, 39 for severe ipsilateral osteoarthritis, 15 for an isolated subscapularis repair, 5 for fixation of an ipsilateral humeral head avulsion fracture, and 4 due to use of a PTFE patch during surgery. After these exclusions, 692 patients (742 shoulders) were deemed eligible for the study and were contacted. Of these, 257 patients (265 shoulders) had either a bursal-side or undersurface arthroscopic rotator cuff repair using a knotless tension band technique (Opus Magnum) and attended a minimum 2-year follow-up with ultrasound examination of the rotator cuff repair. These patients were included in the study. Of these, 100 surgeries were performed using a bursal-side repair technique and 165 were performed using the undersurface repair technique.
Patient Demographics
The bursal-side repair cohort consisted of 53 women and 46 men (100 shoulders), with a mean age of 58 years (range, 25-88 years) ( Table 1 ). The undersurface cohort had 75 women and 86 men (165 shoulders) with a mean age of 60 years (range, 18-87 years). The mean duration of symptoms from injury to surgery was 19 months (range, 0-192 months) for the bursal repair group and 15 months (range, 0-156 months) for the undersurface group. Both groups were also well matched in terms of prevalence of osteoarthritis, diabetes, and injuries that were work related (Table  1) . There were no differences in preoperative pain or functional scores between the 2 groups, but the undersurface cohort had slightly, but significantly, greater preoperative external rotation strength.
In terms of procedures carried out concurrently with the rotator cuff repair, in the bursal-side repair group, 40 patients had an acromioplasty, 8 had removal of calcium for calcific tendonitis, 1 had a labral repair, 1 a subscapularis repair, 1 an acromioclavicular (AC) joint injection, 1 a capsular release, 1 had removal of bony fragments, 1 had both the removal of calcium for calcific tendonitis and a capsular release, and 1 had a biceps tenodesis and subscapularis repair.
In the undersurface cohort, 13 patients had an acromioplasty in addition to the rotator cuff repair, 4 had labral repairs, 3 had a biceps tenodesis, 2 had a capsular release, 1 had a biceps tenodesis and acromioplasty, 1 had a biceps tenotomy, 1 had a distal clavicle excision, 1 had manipulation under anesthesia, 1 a subscapularis repair, and 1 an AC joint injection. Acromioplasty was performed only on patients with type III (hooked) acromion or with severe impingement.
Intraoperative Data
The mean tear area was 3.5 cm 2 for the bursal group (range, 0.25-36 cm 2 ) and 2.8 cm 2 for the undersurface group (range, 0.25-20 cm 2 ) (P ¼ .25) ( Table 1 ). On average, 2 anchors were used in the repairs for both groups. There was no significant difference between groups with respect to the number of partial-thickness or full-thickness tears. The bursal-side repair required significantly more operating time (32 minutes) compared with the time required to perform an undersurface repair (20 minutes) (P < .001) ( Table 1) . 
Patient-Ranked Outcomes
Our primary aim was to determine whether the undersurface surgical repair technique influenced difficulty and pain with overhead activities at 2 years postoperatively. At 2 years, both cohorts had significantly less difficulty with overhead activities than before their surgery (P < .001). However, the type of repair performed (bursal side or undersurface) did not affect the ability to perform overhead activities at 2 years (Figure 2 ). At 2 years, both cohorts had significantly decreased levels of pain with overhead activities compared with preoperative results (P < .001), with there being no significant difference between cohorts (Figure 3) .
Both groups had a significantly decreased frequency of extreme shoulder pain, pain during activity, and pain during sleep at 2 years compared with before surgery (P < .001). The undersurface group had more frequent shoulder pain when sleeping at both 12 weeks and 2 years postoperatively when compared with the bursal group (P ¼ .03) (Figure 4 ). There was no significant difference between the cohorts with respect to frequency of extreme and activity pain at 2 years (Table 2) .
At the 2-year follow-up, patients in both groups experienced significantly less pain at rest, sleep, and during activity compared with preoperative levels (P < .001). At 2 years, there was no significant difference in pain severity between the groups (Table 2) .
Both cohorts had significantly less difficulty when reaching behind the back at 2 years when compared with prior to surgery (P < .001). At 2 years, there was no significant difference in difficulty reaching behind the back between the 2 groups (Table 2) .
At 2 years postoperatively, both groups reported significantly less shoulder stiffness compared with preoperative levels (P < .001), with no significant difference between the 2 groups at any time point (Table 2) . Overall shoulder satisfaction improved for both groups, from an overall mean of poor preoperatively to good at the 2-year followup (P < .001). There was no significant difference in levels of shoulder satisfaction between the cohorts at any time point (Table 2) .
Shoulder Strength
The groups were well matched in terms of supraspinatus and adduction strength prior to surgery. Both groups Figure 2 . Effect of surgical technique on level of difficulty with overhead activities. Comparison between the bursal-side and undersurface repair cohorts using Mann-Whitney rank-sum test. ***P < .001 across both the bursal and undersurface cohorts. Figure 3 . Effect of surgical technique on patient-ranked pain scores. Comparison between the bursal side (n ¼ 100) and undersurface repair (n ¼ 165) cohorts in terms of level of shoulder pain with overhead activities. ***P < .001 across both the bursal and undersurface cohorts; þþ P < .01 between the cohorts using the Mann-Whitney rank-sum test. Comparison between the bursal-side and undersurface repair cohorts using the Mann-Whitney rank-sum test. ***P < .001 across both the bursal-side and undersurface cohorts; þ P < .05 between the bursal and undersurface cohorts.
had significantly improved supraspinatus and adduction strength at 2 years postoperatively compared with preoperative strength (P < .001). However, at 2 years, there was no significant difference between the groups ( Figure 5 and Table 3) .
At 2 years, both cohorts had significantly improved strength in both internal rotation and the lift-off test (P < .001), and there was no significant difference between the bursal-side and undersurface repair groups at any time point (Table 3) .
The undersurface cohort had significantly greater external rotation strength preoperatively when compared with the bursal cohort (P ¼ .04). At 2 years, there was no significant difference in external rotation strength between the bursal-side and undersurface repair groups. However, only the undersurface group had significant improvement in external rotation strength at 2 years compared with preoperative scores (P ¼ .03) ( Table 3 ).
Passive Range of Motion
At 2 years, both groups had significantly improved ROM in abduction and forward flexion (P < .001), with there being no significant difference between the groups (Table 3) . The undersurface cohort had significantly improved external rotation ROM at 2 years (P ¼ .05), while the bursal cohort did not show significant improvement. At 2 years, there was no significant difference between the groups (Table 3) .
At 2 years, both groups had significant improvement for internal rotation ROM compared with preoperative scores (P < .001). At 6 months, the undersurface cohort had significantly greater internal rotation ROM (P < .001). However, at 2 years postoperatively, the bursal cohort showed greater ROM in internal rotation (P ¼ .02) ( Table 3) .
Retear Rates and Revision Surgery
Assessment of the tendon integrity was performed using ultrasound at both 6 months and 2 years postoperatively.
Bursal-Side Repair Group. The bursal-side repair group had 21 retears (21/100, 21%) at 6 months and 20 (20/100, 20%) retears at 2 years postoperatively. At 6 months, the mean retear size was found to be 2.7 ± 0.5 cm 2 , with the mean retear size at 2 years being 4.8 ± 0.7 cm 2 . During the study period, 9 of these retears required revision rotator cuff repair surgery (9/20, 45%) and 3 had repair of the tendon defect and a concurrent acromioplasty (3/20, 15%). There was also a revision surgery to remove a loose anchor (1/20, 5%), and 1 procedure that was not documented (1/20, 5%). The overall revision surgery rate was 14% (14/100).
Undersurface Repair Group. The undersurface repair group had 25 retears (25/165, 15%) at 6 months postoperatively and 38 retears (38/165, 23%) at 2 years. The mean retear size was 3.2 ± 0.7 cm 2 at 6 months and 3.1 ± 0.4 cm 2 at 2 years. During the study period, 14 of these retears came to revision rotator cuff repair surgery (14/ 38, 37%). Three further revision surgeries were required to remove loose anchors (3/38, 8%). One patient had their retear repaired with a PTFE patch (1/38, 3%), 1 had to repair a retorn tendon and have a concurrent acromioplasty (1/38, 3%), and 1 had to treat postoperative frozen shoulder (1/38, 3%). The overall revision surgery rate was 12% (20/165).
There was no significant difference between groups at 6 months (P ¼ .24) or 2 years (P ¼ .87) for either retear rate or rate of revision surgeries. At 6 months, there was no significant difference between the groups in terms of mean retear size. However, at 2 years, it was found that the bursal-side repair group had significantly larger retears (P ¼ .04).
Positive Impingement Signs
At 2-year follow-up, both cohorts showed significant reductions in rates of internal and external rotation impingement signs compared with preoperative levels (P < .001), but there were no differences between cohorts at any postoperative time points.
DISCUSSION
This study examined clinical outcomes of 2 cohorts of patients who had their rotator cuffs repaired either from the bursal side or the undersurface. There was no significant difference in level of pain or difficulty with overhead activities between the bursal-side and undersurface repair cohorts 2 years after surgery. However, the undersurface technique showed significantly shorter operative time and smaller retear size at 2 years postoperatively. At 2-year follow-up, the bursal-side cohort had less frequent pain at night and increased internal rotation ROM.
As outlined above, an undersurface rotator cuff repair was able to be carried out faster than a bursal-side repair, with a mean time of 20 minutes for an undersurface repair compared with 32 minutes for a bursal-side repair. 24, 29 Time was able to be saved during surgery as there was no need to perform either a bursectomy or an acromioplasty. 29 Shorter operating times are associated with reducing the cost of surgery and the risk of complications. 8, 29 We also found that the time to perform a bursal-side repair was reduced compared with previous results. 24, 29 This difference is likely to be due to the increased experience of the surgeon when performing the repair. 14 At 2 years postoperatively, the size of tendon retears present in the undersurface repair cohort was significantly smaller than those present in the bursal-side repair cohort. This difference was not present at 6 months. There was a correlation between the undersurface repair technique and decreased tendon retear size at 2 years (r ¼ 0.28, P < .05). There was no correlation between performing an acromioplasty during surgery and retear size at 2 years. There was no difference between the prevalence of retears that required revision surgery between the undersurface and bursal-side repair groups.
At 2 years, the undersurface repair group was found to have more frequent pain at night compared with those who had a bursal-side repair. However, a 2-way ANOVA showed that frequency of sleep pain at 2 years was not influenced by the surgical technique utilized. Multiple linear regression analysis showed that preoperative tear size, surgical technique, performing an acromioplasty, operative time, and retear size did not influence either frequency or level of sleep pain at 2 years after surgery.
At 2 years, the bursal-side repair cohort also had significantly better internal rotation ROM compared with the undersurface repair cohort. Functionally, this difference equated to patients being able to achieve approximately half of a vertebral-level increased internal rotation ROM. This difference may not be clinically significant. A 2-way ANOVA confirmed that at 2 years postoperatively, the surgical technique utilized did not influence internal rotation. This difference was also not due to lack of an acromioplasty. Multiple linear regression analysis showed that performing an acromioplasty did not influence internal rotation ROM.
A major difference between the bursal-side and undersurface repair cohorts was that an undersurface repair did not involve performing an acromioplasty. To assess the impact this may have had on both patient-ranked pain scores and functional outcomes, multiple linear regression analyses were carried out. These analyses showed that at 2 years postoperatively, performing an acromioplasty did not influence pain or difficulty with overhead activities, difficulty with reaching behind the back, shoulder stiffness, ROM (in the planes of forward flexion, abduction, internal rotation, external rotation), or shoulder strength (supraspinatus, adduction, external rotation, lift-off). However, it was found that not performing an acromioplasty during rotator cuff repair strongly correlated with increased internal rotation strength at 2 years postoperatively (r ¼ 0.21, P < .01). Several other studies have shown no additional value to performing an acromioplasty. 1, 13, 22, 27 A previous pilot study examined undersurface and bursal-side repair cohorts, following patients up to 6 months postoperatively. 29 This prior study found the undersurface repair technique resulted in reduced frequency of pain during activity at both 6 weeks and 3 months postoperatively, as well as reduced difficulty with reaching behind the back at 6 months. 29 These results were not mirrored when examining findings from the current study, as there was no significant difference between the cohorts at these time points. Multiple linear regression analyses showed that frequency of activity pain at 6 weeks and 3 months postoperatively was not influenced by the original tear size, performing an acromioplasty, operative time, or the surgical technique utilized. This was also true when examining difficulty reaching behind the back at 6 months.
The pilot study showed no significant differences between the cohorts regarding frequency of pain during sleep, level of pain (during rest, sleep, and overhead activities), level of shoulder stiffness, and level of difficulty (with overhead activities and when reaching behind the back) at all time points up to 6 months postoperatively. 29 A limitation to the current study was that a large number of patients who were eligible for the study (439/ 696, 63%) had to be excluded, as the 2-year postoperative follow-up could not be conducted on them. Two-year followup appointments were not standard procedure for this clinic, so patients had to be contacted individually to present for examination. It was noted that patients were often not willing to attend the follow-up appointments if they felt that their shoulder was not causing them any problems.
Strengths of the study were that all surgeries were carried out by 1 experienced surgeon (G.A.C.M.), there were no significant differences in demographic data, and the sample size of both groups was large. At each follow-up appointment, the patients completed the same Shoulder Service Questionnaire and had the same physical examination. The inclusion criteria also eliminated major concurrent pathologies.
CONCLUSION
Our study showed that there were no significant differences in postoperative pain and difficulty with overhead activities between bursal-side repair and undersurface repair techniques. Both groups showed significant improvements in postoperative pain and difficulty with overhead activities compared with preoperative levels. The undersurface technique was able to be performed significantly faster.
